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©  Remote  control  signal  processing  circuit  for  a  microcomputer. 
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©  A  remote  control  signal  processing  circuit  of  the 
present  invention  uses  hardware  to  check  the  pulse 
of  the  remote  control  signal,  detect  the  leader  code, 
make  "0"  or  "1  "  judgment  for  status  code  or  data 
code.  Based  on  the  edge  detection  signals  given  by 
the  edge  detection  means  (11)  to  detect  the  leading 
and  trailing  edges  of  the  signal,  the  pulse  width  of 
the  remote  control  signal  is  measured  with  a  timer 
(12),  and  the  measurement  value  of  the  pulse  width 
is  latched  by  a  latch  circuit  (14,15).  A  check  circuit 
(20)  compares  the  value  latched  at  the  latch  circuit 

(14)  with  the  criteria  stored  in  the  register  (22)  in 
advance  for  normal/abnormal  judgment  of  pulse 
width  and  outputs  a  pulse  error  signal  when  they  are 
not  identical.  Alternatively,  the  circuit  may  be  pro- 
vided  with  registers  (31  ,32,41  ,42)  to  store  in  advance 
criteria  for  logical  "0"  or  "1  "  based  on  the  pulse 
width  of  the  remote  control  signal  so  that  a  judgment 
means  (30,40)  compares  the  measurement  value  of 
the  pulse  width  in  the  latch  circuit  (15)  and  the 
criteria  in  the  registers  (31  ,32,41  ,42)  to  judge  wheth- 
er  the  logical  value  is  "0"  or  "1  ". 

FIG.1 
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BACKGROUNDS  OF  THE  INVENTION 

FIELD  OF  THE  INVENTION 

This  invention  relates  to  a  remote  control  signal 
processing  circuit  capable  of  checking  remote  con- 
trol  signals. 

DESCRIPTION  OF  THE  PRIOR  ART 

A  home  appliance  (air  conditioner  or  television 
set,  for  example)  incorporates  a  microcomputer 
which  receives  the  remote  control  signal  sent  from 
a  remote  controller  and  control  the  room  tempera- 
ture  adjustment  or  volume  adjustment  based  on  the 
received  remote  control  signal.  The  remote  control 
signal  sent  from  a  remote  controller  consists  of  a 
leader  code,  custom  code,  data  code  and  others 
and  is  usually  input  to  the  microcomputer  via  a 
preamplifier  IC  for  remote  control  signal  receiving. 
The  microcomputer  to  which  the  remote  control 
signal  is  input  judges  whether  the  custom  code  or 
data  code  is  "0"  or  "1  "  and  detects  a  leader  code, 
and  checks  whether  the  pulse  width  is  normal  or 
not  for  every  code,  all  through  software  processing. 

A  conventional  remote  control  signal  process- 
ing  circuit  generally  comprises  a  noise  elimination 
circuit  to  eliminate  noises  of  the  remote  control 
signal,  an  edge  detection  circuit  to  detect  the  edge 
of  the  remote  control  signal  and  a  timer.  The  re- 
mote  control  signal  is  subjected  to  noise  elimina- 
tion  by  the  noise  elimination  circuit  and  then  to 
pulse  edge  detection  by  the  edge  detection  circuit. 
For  leader  code  detection,  the  edge  detection  cir- 
cuit  detects  a  pulse  leading  edge  and  interrupts  the 
CPU.  The  CPU  sets  a  predetermined  value  at  the 
timer  through  software  processing.  While  the  timer 
keeps  time  for  the  set  value,  the  CPU  reads  the 
output  level  from  the  noise  elimination  circuit.  If  the 
four  or  more  consecutive  outputs  are  at  low  level, 
the  pulse  is  recognized  as  the  leader  code,  but  if 
not,  it  is  treated  as  abnormal  (error)  pulse.  When 
the  pulse  is  recognized  as  a  leader  code,  a  new 
value  is  set  at  the  timer  and  if  the  edge  detection 
circuit  detects  a  leading  edge  while  the  timer  keeps 
time  for  the  new  set  value,  leader  code  detection  is 
terminated.  If  not,  the  pulse  is  treated  as  error 
pulse.  In  addition,  the  CPU  always  checks  the  level 
of  the  noise  elimination  circuit  through  software 
processing  to  judge  whether  the  pulse  width  is 
normal  or  not.  In  this  case,  value  setting  for  timer 
and  operation  control  are  performed  by  the  CPU 
through  software  processing. 

After  the  leader  code  detection,  the  custom 
code  and  data  code  are  checked  whether  they 
have  "0"  or  "1  ".  In  this  "0"  or  "1  "  judgment  for 
custom  code  and  data  code,  each  time  the  edge 
detection  circuit  detects  a  pulse  edge,  it  interrupts 

the  CPU  and  thereby  activates  the  software  for  "0" 
or  "1  "  judgment  and  reads  the  value  at  the  timer. 
By  comparing  and  operating  the  timer  value  at  the 
previous  edge  detection  and  the  value  at  the 

5  present  edge  detection,  a  pulse  cycle  width  for  the 
remote  control  signal  is  determined,  based  on 
which  "0"  or  "1  "  is  judged.  In  this  method,  it  is 
required  to  interrupt  the  CPU  and  activate  the  soft- 
ware  for  operation  each  time  a  pulse  edge  of  the 

io  remote  control  signal  is  detected. 
As  mentioned  above,  a  conventional  remote 

control  signal  processing  circuit  uses  software  pro- 
cessing  for  leader  code  detection,  pulse  check  and 
"0"  or  "1  "  judgment  for  custom  code  and  data 

75  code,  which  results  in  a  long  software  processing 
time  and  increased  program  volume.  This  makes  it 
extremely  difficult  for  a  single  microcomputer  to 
receive  remote  control  signal  and  to  control  the 
system  at  the  same  time. 

20 
SUMMARY  OF  THE  INVENTION 

It  is  a  first  object  of  the  present  invention  to 
provide  a  remote  control  signal  processing  circuit 

25  which  realizes  reduction  of  program  volume  and 
software  processing  time  by  conducting  leader 
code  detection  and  pulse  check  through  hardware 
operation  and  which  enables  a  single  microcom- 
puter  to  simultaneously  receive  the  remote  control 

30  signal  and  control  the  system. 
It  is  a  second  object  of  the  present  invention  to 

provide  a  remote  control  signal  processing  circuit 
which  realizes  reduction  of  program  volume  and 
software  processing  time  by  conducting  "0/"1  " 

35  judgment  for  the  custom  code  and  the  data  code 
through  hardware  operation  and  which  enables  a 
single  microcomputer  to  simultaneously  receive  the 
remote  control  signal  and  control  the  system. 

It  is  a  third  object  of  the  present  invention  to 
40  provide  a  remote  control  signal  processing  circuit 

capable  of  conducting  leader  code  detection,  pulse 
check,  and  "0"/"1  "  judgment  for  custom  code  and 
data  code  through  hardware  operation. 

According  to  a  preferred  embodiment  of  the 
45  present  invention  to  attain  the  first  object  above,  a 

remote  control  signal  processing  circuit  for  a  micro- 
computer  comprises  a  noise  elimination  means  to 
eliminate  noises  of  the  remote  control  signal,  an 
edge  detection  means  to  detect  the  leading  and 

50  trailing  edges  in  the  signal  upon  receiving  the  sig- 
nal  output  from  the  noise  elimination  means,  a 
timer  means  to  measure  the  pulse  width  of  the 
remote  control  signal  according  to  the  edge  detec- 
tion  signals  from  the  edge  detection  means,  a  latch 

55  means  to  latch  the  pulse  width  value  measured  by 
the  timer  means,  a  setting  means  to  set  in  advance 
the  criteria  to  judge  whether  the  pulse  width  of  the 
remote  control  signal  is  normal  or  abnormal  and  a 
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check  means  to  compare  the  measured  value  of 
pulse  width  in  the  latch  means  and  the  criteria  in 
the  setting  means  and  output  a  pulse  error  signal 
when  they  are  not  identical. 

According  to  a  preferred  embodiment,  the 
check  means  comprises  a  comparison  means  to 
compare  the  measured  value  of  pulse  width  in  the 
latch  means  and  the  criteria  in  the  setting  means, 
an  inverter  to  invert  the  output  signal  from  the 
comparison  means  and  an  AND  gate  which  ANDs 
the  output  from  the  inverter  and  that  from  the  latch 
means  and  outputs  high  output  from  the  AND  gate 
as  pulse  error  signal. 

According  to  another  preferred  embodiment, 
the  timer  means  measures  high  pulse  width  be- 
tween  the  leading  edge  and  the  trailing  edge  in- 
dicated  by  detection  signals  from  the  edge  detec- 
tion  means  and  the  latch  means  latches  the  mea- 
sured  value  of  the  high  pulse  width. 

According  to  still  another  preferred  embodi- 
ment,  a  remote  control  signal  processing  circuit 
further  comprises  a  second  latch  means  to  latch 
the  measured  value  for  one  pulse  cycle  measured 
by  the  timer  means  between  two  leading  edge 
detection  signals  given  by  the  edge  detection 
means  and  outputs  the  measurement  value  at  the 
second  latch  means  for  each  pulse  cycle. 

According  to  another  preferred  embodiment  of 
the  present  invention  to  attain  the  second  object,  a 
remote  control  signal  processing  circuit  for  a  micro- 
computer  comprises  a  noise  elimination  means  to 
eliminate  noises  of  the  remote  control  signal,  an 
edge  detection  means  to  detect  the  leading  and 
trailing  edges  in  the  signal  upon  receiving  the  sig- 
nal  output  from  the  noise  elimination  means,  a 
timer  means  to  measure  the  pulse  width  of  the 
remote  control  signal  according  to  the  edge  detec- 
tion  signals  from  the  edge  detection  means,  a  latch 
means  to  latch  the  pulse  width  value  measured  by 
the  timer  means,  a  setting  means  to  set  in  advance 
the  criteria  to  judge  whether  the  logical  value 
based  on  the  pulse  width  of  the  remote  control 
signal  is  "0"  or  "1  "  and  a  judgment  means  to 
compare  the  measurement  value  for  the  pulse 
width  in  the  latch  means  and  the  criteria  in  the 
setting  means  and  output  judgment  signal  indicat- 
ing  a  logical  value  "0"  or  "1  ". 

According  to  further  preferred  embodiment,  the 
above  judgment  means  comprises  a  "0"  judging 
means  for  logical  "0"  judgment  and  a  "1  "  judging 
means  for  logical  "1  "  judgment,  and  the  "0"  judg- 
ing  means  further  comprises  a  setting  means  to  set 
the  upper  and  lower  limits  to  judge  the  pulse  width 
to  be  logical  "0"  and  a  comparison  means  to 
compare  the  value  in  the  latch  means  with  the 
upper  and  lower  limits  in  the  setting  means  and 
output  "0"  detection  signal  when  the  value  in  the 
latch  means  is  in  the  range  between  the  upper  and 

the  lower  limits,  and  the  "1  "  judging  means  further 
comprises  a  setting  means  to  set  the  upper  and 
lower  limits  to  judge  the  pulse  width  to  be  logical 
"1  "  and  a  comparison  means  to  compare  the  value 

5  in  the  latch  means  with  the  upper  and  lower  limits 
in  the  setting  means  and  output  "1  "  detection 
signal  when  the  value  in  the  latch  means  is  in  the 
range  between  the  upper  and  the  lower  limits. 

According  to  another  embodiment  of  the 
io  present  invention  to  attain  the  third  object,  a  re- 

mote  control  signal  processing  circuit  for  a  micro- 
computer  comprises  a  noise  elimination  means  to 
eliminate  noises  of  the  remote  control  signal,  an 
edge  detection  means  to  detect  the  leading  and 

is  trailing  edges  in  the  signal  upon  receiving  the  sig- 
nal  output  from  the  noise  elimination  means,  a 
timer  means  to  measure  the  pulse  width  of  the 
remote  control  signal  according  to  the  edge  detec- 
tion  signals  from  the  edge  detection  means,  a  latch 

20  means  to  latch  the  pulse  width  value  measured  by 
the  timer  means,  a  first  setting  means  to  set  in 
advance  the  criteria  to  judge  whether  the  pulse 
width  of  the  remote  control  signal  is  normal  or 
abnormal,  a  check  means  to  compare  the  mea- 

25  sured  value  of  pulse  width  in  the  latch  means  and 
the  criteria  in  the  setting  means  and  output  a  pulse 
error  signal  when  they  are  not  identical,  a  second 
setting  means  to  set  in  advance  the  criteria  to 
judge  whether  the  logical  value  based  on  the  pulse 

30  width  of  the  remote  control  signal  is  "0"  or  "1  "  and 
a  judgment  means  to  compare  the  measurement 
value  for  the  pulse  width  in  the  latch  means  and 
the  criteria  in  the  setting  means  and  output  judg- 
ment  signal  indicating  a  logical  value  "0"  or  "1  ". 

35  According  to  a  still  another  preferred  embodi- 
ment,  the  check  means  comprises  a  comparison 
means  to  compare  the  measured  value  of  pulse 
width  in  the  latch  means  and  the  criteria  in  the 
setting  means,  an  inverter  to  invert  the  output  sig- 

40  nal  from  the  comparison  means  and  an  AND  gate 
which  ANDs  the  output  from  the  inverter  and  that 
from  the  latch  means  and  outputs  high  output  from 
the  AND  gate  as  pulse  error  signal. 

According  to  still  another  preferred  embodi- 
45  ment,  the  judgment  means  comprises  a  "0"  judg- 

ing  means  for  logical  "0"  judgment  and  a  "1  " 
judging  means  for  logical  "1  "  judgment,  and  the 
"0"  judging  means  further  comprises  a  setting 
means  to  set  the  upper  and  lower  limits  to  judge 

50  the  pulse  width  to  be  logical  "0"  and  a  comparison 
means  to  compare  the  value  in  the  latch  means 
with  the  upper  and  lower  limits  in  the  setting 
means  and  output  "0"  detection  signal  when  the 
value  in  the  latch  means  is  in  the  range  between 

55  the  upper  and  the  lower  limits,  and  the  "1  "  judging 
means  further  comprises  a  setting  means  to  set  the 
upper  and  lower  limits  to  judge  the  pulse  width  to 
be  logical  "1  "  and  a  comparison  means  to  com- 

3 
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pare  the  value  in  the  latch  means  with  the  upper 
and  lower  limits  in  the  setting  means  and  output 
"1  "  detection  signal  when  the  value  in  the  latch 
means  is  in  the  range  between  the  upper  and  the 
lower  limits. 

Other  objects,  characteristics  and  effects  of  the 
present  invention  will  be  clarified  in  the  detailed 
description  below. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  block  diagram  to  show  the  configura- 
tion  of  a  microcomputer  provided  with  a  remote 
control  signal  processing  circuit  according  to  a 
first  embodiment  of  the  present  invention; 
Fig.  2  is  a  diagram  to  show  the  format  configu- 
ration  of  the  remote  control  input  to  the  micro- 
computer  of  Fig.  1  ; 
Fig.  3  is  a  timing  chart  to  show  the  operation  of 
the  remote  control  signal  processing  circuit  in 
Fig.  1  ;  and 
Fig.  4  is  a  block  diagram  to  show  the  configura- 
tion  of  a  microcomputer  provided  with  a  remote 
control  signal  processing  circuit  according  to  the 
second  embodiment  of  the  present  invention. 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENT 

Referring  to  the  figures,  preferred  embodi- 
ments  of  a  remote  control  signal  processing  circuit 
for  a  microcomputer  according  to  the  present  in- 
vention  will  be  described  below.  Fig.  1  is  a  block 
diagram  to  show  the  configuration  of  a  microcom- 
puter  provided  with  a  remote  control  signal  pro- 
cessing  circuit  according  to  a  first  embodiment  of 
the  present  invention. 

A  microcomputer  100  is  incorporated  in  a 
home  appliance  (air  conditioner  or  television  set, 
for  example).  It  controls  temperature  or  volume 
adjustment  based  on  the  remote  control  signal  sent 
from  a  remote  controller.  In  addition,  the  remote 
control  signal  modulated  by  PPM  (Pulse  Phase 
Modulation)  method  before  sent  from  the  remote 
controller  is  received  by  a  receiving  circuit  pro- 
vided  separately  from  the  microcomputer  100,  de- 
modulated  to  pulse  signal  and  then  input  to  the 
microcomputer  100  as  the  remote  control  signal  I. 

The  microcomputer  100  comprises  a  remote 
control  signal  processing  circuit  50  for  predeter- 
mined  processing  of  the  remote  control  signal  and 
a  CPU  13  for  control  based  on  the  received  remote 
control  signal.  The  remote  control  signal  process- 
ing  circuit  50  consists  of  a  noise  elimination  circuit 
10,  an  edge  detection  circuit  11,  a  timer  12,  latch 
circuits  14  and  15  comprising  a  register  and  others 
and  a  check  circuit  20. 

The  noise  elimination  circuit  10  serves  for 

eliminating  noises  included  in  the  received  remote 
control  signal  I  and  comprises  a  digital  filter,  for 
example.  The  edge  detection  circuit  1  1  is  a  circuit 
to  detect  pulse  edges  from  the  remote  control 

5  signal  I  after  noise  elimination,  and  comprises  an 
edge  trigger  flip-flop,  for  example.  The  timer  12  is 
a  circuit  to  measure  the  pulse  cycle  of  the  input 
remote  control  signal  I.  To  this  timer  12,  clock  KR 
is  input  for  pulse  cycle  measurement.  The  latch 

io  circuits  14  and  15  latch  the  values  measured  by 
the  timer  12  at  predetermined  timings.  The  CPU  13 
controls  the  operation  of  the  air  conditioner,  televi- 
sion  set  or  other  home  appliances  described  above 
based  on  the  received  remote  control  signal  I.  The 

is  check  circuit  20  checks  the  leader  code  of  the 
remote  control  signal  I. 

The  check  circuit  20  comprises  a  comparator 
21,  a  comparison  register  22,  an  inverter  23,  and 
an  AND  gate  24.  The  comparator  21  compares  the 

20  value  latched  at  the  latch  circuit  14  with  the  value 
preset  at  the  comparison  register  22.  The  inverter 
23  inverts  the  output  from  the  comparator  21.  To 
the  AND  gate  24,  outputs  from  the  latch  circuit  14 
and  the  inverter  23  are  input.  The  output  from  the 

25  AND  gate  24  is  output  to  the  CPU  13  as  the  pulse 
error  detection  signal  25.  The  comparison  register 
22  stores  in  advance  the  value  indicating  high 
pulse  width  for  the  remote  control  signal. 

The  output  from  the  above  latch  circuit  15  is 
30  output  to  the  CPU  13  as  an  interrupt  signal  18,  and 

to  the  timer  12  at  the  same  time.  When  the  inter- 
rupt  signal  18  is  input,  the  timer  12  clears  its  value 
and  restarts  measurement. 

Fig.  2  shows  the  format  configuration  for  the 
35  remote  control  signal. 

The  remote  control  signal  has  a  leader  code 
101,  a  custom  code  102,  a  data  code  103,  a  trailer 
code  104,  and  a  parity  105.  Here,  the  leader  code 
101  indicates  the  start  of  the  remote  control  signal 

40  I,  and  comprises  a  pulse  with  certain  cycles,  for 
example.  The  custom  code  102  is  a  code  to  iden- 
tify  the  model  or  manufacturer  of  the  appliance 
controlled  by  that  remote  control  signal  I,  and  has  a 
data  length  of  2  bytes  in  the  example  shown  in  the 

45  figure.  The  data  code  103  is  a  code  to  provide 
control  instructions  to  the  CPU  13  of  the  microcom- 
puter  100.  In  the  example  shown  in  the  figure,  the 
higher  four  bits  of  the  third  byte  and  the  fourth  and 
the  following  bytes  are  used  as  the  data  code  103. 

50  The  trailer  code  104  indicates  the  end  of  the  re- 
mote  control  signal  I.  The  parity  105  is  a  bit  for 
parity  check  of  the  remote  control  signal  I.  In  the 
example  in  the  figure,  the  lower  four  bits  of  the 
third  byte  are  used  as  the  parity  105. 

55  Referring  now  to  Fig.  3,  the  operation  of  the 
remote  control  signal  processing  circuit  of  Fig.  1  is 
described. 

The  remote  control  signal  I  received  by  the 

4 
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microcomputer  100  is  first  subjected  to  noise  elimi- 
nation  at  the  noise  elimination  circuit  10  and  then 
input  to  the  edge  detection  circuit  1  1  .  As  shown  in 
Fig.  3,  the  edge  detection  circuit  11  detects  leading 
and  trailing  edges  and  outputs  the  edge  detection 
signals  16  and  17  synchronizing  with  the  edge 
detection  timings.  Here,  the  edge  detection  signal 
16  is  output  when  a  trailing  (fall)  edge  is  detected 
and  the  edge  detection  signal  17  is  output  when 
the  leading  (rise)  edge  is  detected. 

The  edge  detection  signal  16  controls  timing  to 
latch  the  value  measured  by  the  timer  12  to  the 
latch  circuit  14,  and  the  edge  detection  signal  17 
controls  the  timing  to  latch  the  value  measured  by 
the  timer  12  to  the  latch  circuit  15. 

The  latch  circuit  15  latches  the  value  measured 
by  the  timer  12  at  the  timing  of  the  edge  detection 
signal  17  for  a  leading  edge  of  the  remote  control 
signal  I  and  also  generates  interrupt  signal  18  at 
the  time  of  latching  to  make  interruption  to  the  CPU 
13.  It  simultaneously  clears  the  timer  12  with  the 
interrupt  signal  18.  With  such  operation,  the  latch 
circuit  15  latches  the  time  value  for  one  cycle  of 
the  remote  control  signal  I  (e,  b  or  d  in  Fig.  3).  On 
the  other  hand,  the  latch  circuit  14  latches  the 
value  measured  by  the  timer  12  after  the  timer  12 
is  cleared  by  the  interrupt  signal  18  for  restarting 
until  the  input  of  the  next  trailing  edge  detection 
signal  16.  In  other  words,  the  latch  circuit  14 
latches  the  time  value  indicating  the  high  pulse 
width  in  one  pulse  cycle  of  the  remote  control 
signal  I  (a  or  c  in  Fig.  3). 

Next,  the  value  measured  by  the  timer  12  and 
latched  at  the  latch  circuit  14  (high  pulse  width)  is 
compared  with  the  set  value  stored  in  advance  in 
the  comparison  register  22  at  the  comparator  21  in 
the  check  circuit  20.  The  comparison  by  the  com- 
parator  21  is  performed  with  ignoring  the  lower  two 
bits  of  the  value. 

When  the  comparator  21  detects  that  these  two 
values  are  identical,  it  provides  high  level  output  for 
a  certain  period.  This  output  from  this  comparator 
21  is  input  to  the  inverter  23  and  the  output  from 
the  inverter  23  is  input  to  one  of  the  input  terminals 
of  the  AND  gate  24.  To  the  other  input  terminal  of 
the  AND  gate  24,  the  output  signal  held  at  high 
level  for  a  certain  period  at  the  time  of  latching  in 
the  latch  circuit  14  is  input.  The  AND  gate  24 
ANDs  the  value  of  the  latch  circuit  14  and  the  value 
set  at  the  comparison  register  22  and  outputs  a 
pulse  error  signal  25  if  required  depending  on  the 
result. 

If  the  value  in  the  latch  circuit  14  and  that  in 
the  comparison  register  22  are  identical  when  ig- 
noring  the  lower  2  bits,  the  comparator  21  provides 
an  output  at  high  level.  The  output  from  the  com- 
parator  21  is  inverted  at  the  inverter  23  to  be  low 
level  and  input  to  one  of  the  input  terminal  of  the 

AND  gate  24.  Since  the  other  input  terminal  of  the 
AND  gate  24  has  a  high  level  input,  the  output  from 
the  AND  gate  24  provides  low  level  output,  and  the 
pulse  error  signal  25  is  not  output. 

5  If  the  latch  circuit  14  and  the  comparison  regis- 
ter  22  have  different  values,  however,  the  compara- 
tor  21  provides  an  output  at  low  level  and  the 
inverter  23  provides  an  output  at  high  level.  Ac- 
cordingly,  one  of  the  inputs  to  the  AND  gate  24  is 

io  at  high  level.  At  this  point,  the  other  input  to  the 
AND  gate  24  connected  to  the  latch  circuit  14  also 
becomes  high,  and  the  pulse  error  signal  25  is 
output.  This  pulse  error  signal  25  interrupts  the 
CPU  13  to  notify  the  pulse  error. 

is  Here,  the  value  at  the  comparison  register  22  is 
compared  with  that  at  the  latch  circuit  14  with 
ignoring  the  lower  two  bits  so  as  to  provide  an 
allowance  range  considering  the  error  of  the  re- 
mote  control  signal  I  sent  from  the  remote  control- 

20  ler. 
As  described  above,  the  timer  12  clears  and 

starts  at  the  timing  of  latching  by  the  latch  circuit 
15,  and  the  latch  circuit  15  latches  the  time  interval 
between  the  leading  edges  of  the  remote  control 

25  signal.  On  the  other  hand,  the  latch  circuit  14 
latches  the  high  pulse  width  from  clearance  of  the 
timer  12  until  the  next  trailer  edge.  Such  a  circuit 
configuration  eliminates  the  need  of  software  pro- 
cessing  in  leader  detection:  periodic  reading  of 

30  output  level  at  the  noise  elimination  circuit  10  by 
the  CPU  13.  It  is  now  sufficient  to  interrupt  the  CPU 
13  with  the  interrupt  signal  18  which  occurs  once  in 
a  cycle  to  read  the  values  of  the  latch  circuit  15 
and  the  check  circuit  20.  When  the  pulse  error 

35  signal  25  is  output  from  the  check  circuit  20,  this  is 
not  processed  as  the  leader  code  but  as  a  pulse 
error.  In  addition,  if  the  check  circuit  20  does  not 
output  the  pulse  error  signal  25,  custom  code  and 
data  code  are  read  from  the  remote  control  signal  I. 

40  Whether  the  data  code  or  the  custom  code  has  "0" 
or  "1  "  has  been  conventionally  judged  according  to 
the  value  obtained  through  software  processing  for 
operation  of  the  time  for  one  cycle.  In  this  inven- 
tion,  however,  the  value  at  the  latch  circuit  15 

45  where  the  time  for  one  cycle  is  latched  is  read  for 
this  judgment.  This  eliminates  the  need  of  cycle 
operation  and  it  is  sufficient  to  judge  whether  it  is 
"0"  or  "1  "  using  software.  In  addition,  since  the 
check  circuit  20  judges  whether  the  pulse  width  of 

50  the  remote  control  signal  is  normal  or  not  using 
hardware,  conventional  software  processing  can  be 
reduced,  resulting  in  efficient  remote  control  signal 
processing.  For  this  reason,  it  is  possible  for  a 
single  microcomputer  100  to  receive  the  remote 

55  control  signal  and  at  the  same  time  perform  other 
control  operations. 

Fig.  4  shows  the  configuration  of  a  microcom- 
puter  provided  with  a  remote  control  signal  pro- 

5 
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cessing  circuit  according  to  a  second  embodiment 
of  the  present  invention.  The  remote  control  signal 
processing  circuit  60  of  this  embodiment  com- 
prises  a  noise  elimination  circuit  10,  an  edge  de- 
tection  circuit  11,  a  timer  12,  latch  circuits  14  and 
15,  check  circuit  20,  a  "0"  judging  unit  30  and  "1" 
judging  unit  40.  Since  the  noise  elimination  circuit 
10,  the  edge  detection  circuit  11,  the  timer  12,  the 
latch  circuits  14  and  15  and  the  check  circuit  20 
are  the  same  as  those  in  the  embodiment  shown  in 
Fig.  1  and  description  on  them  is  omitted. 

In  the  circuit  according  to  this  embodiment,  the 
"0"  judging  unit  30  and  "1  "  judging  unit  40  are 
used  to  judge  whether  the  custom  code  or  the  data 
code  in  the  remote  control  signal  is  "0"  or  "1  " 
through  hardware  operation. 

The  "0"  judging  unit  30  consists  of  comparison 
registers  31  and  32,  magnitude  comparators  33 
and  34,  and  an  AND  gate  37.  The  magnitude 
comparators  33  and  34  are  connected  with  the 
latch  circuit  15,  so  that  the  value  obtained  by  the 
timer  12  and  latched  by  the  latch  circuit  15  is  input 
there.  The  AND  gate  37  ANDs  the  outputs  from  the 
magnitude  comparators  33  and  34  and  outputs  the 
result  to  the  CPU  13.  Here,  the  above  comparison 
register  31  has  the  lower  limit  of  "0"  (the  lowest 
value  of  pulse  width  identified  as  "0")  for  the  data 
code  (or  custom  code)  and  the  comparison  register 
32  has  the  upper  limit  of  "0"  (the  highest  value  of 
pulse  width  identified  as  "0")  for  the  data  code  (or 
custom  code),  both  set  by  the  CPU  13  in  advance. 

The  "1  "  judging  unit  40  consists  of  comparison 
registers  41  and  42,  magnitude  comparators  43 
and  44,  and  an  AND  gate  47.  The  magnitude 
comparators  43  and  44  are  connected  with  the 
latch  circuit  15,  so  that  the  value  obtained  by  the 
timer  12  and  latched  by  the  latch  circuit  15  is  input 
there.  The  AND  gate  47  ANDs  the  outputs  from  the 
magnitude  comparators  43  and  44  and  outputs  the 
result  to  the  CPU  13.  Here,  the  above  comparison 
register  41  has  the  lower  limit  of  "1  "  (the  lowest 
value  of  pulse  width  identified  as  "1  ")  for  the  data 
code  (or  custom  code)  and  the  comparison  register 
42  has  the  upper  limit  of  "1  "  (the  highest  value  of 
pulse  width  identified  as  "1  ")  for  the  data  code  (or 
custom  code),  both  set  by  the  CPU  13  in  advance. 

The  operations  of  the  "0"  judging  unit  30  and 
"1  "  judging  unit  40  are  described  below  supposing 
a  case  where  the  data  code  is  judged. 

The  magnitude  comparator  33  compares  the 
value  in  the  latch  circuit  15  which  latches  the  time 
width  of  one  pulse  cycle  of  the  remote  control 
signal  I  and  the  value  in  the  comparison  register  31 
which  stores  the  lower  limit  of  the  pulse  width 
indicating  "0"  for  the  data  code.  If  the  comparison 
result  shows  that  the  value  at  the  latch  circuit  15  is 
equal  to  or  larger  than  that  at  the  comparison 
register  31  ,  a  detection  signal  35  is  output.  On  the 

other  hand,  the  magnitude  comparator  34  com- 
pares  the  value  in  the  latch  circuit  15  which  latches 
the  time  width  of  one  pulse  cycle  of  the  remote 
control  signal  I  and  the  value  in  the  comparison 

5  register  32  which  stores  the  upper  limit  of  the  pulse 
width  indicating  "0"  for  the  data  code.  If  the  com- 
parison  result  shows  that  the  value  at  the  latch 
circuit  15  is  equal  to  or  smaller  than  the  value  at 
the  comparison  register  32,  a  detection  signal  36  is 

io  output.  If  the  result  of  comparison  by  the  mag- 
nitude  comparators  33  and  34  shows  that  the  value 
at  the  latch  circuit  15  is  in  the  range  defined  by  the 
lower  and  upper  limits  set  at  the  comparison  regis- 
ters  31  and  32,  both  of  the  detection  signals  35 

is  and  36  are  at  high  level.  This  results  in  that  the 
AND  gate  37  outputs  a  "0"  detection  signal  38  at 
high  level  notifying  the  CPU  13  that  the  data  code 
is  "0".  When  the  value  at  the  latch  circuit  15  is  not 
in  the  range  defined  by  the  lower  and  the  upper 

20  limits  set  at  the  comparison  registers  31  and  32, 
either  of  the  detection  signals  35  or  36  is  not 
output  resulting  in  low  level.  This  does  not  cause 
the  AND  gate  37  to  output  the  "0"  detection  signal 
38. 

25  The  magnitude  comparator  43  of  the  "1  "  judg- 
ing  unit  40  compares  the  value  at  the  latch  circuit 
15  which  latches  the  time  width  of  one  pulse  cycle 
of  the  remote  control  signal  I  and  the  value  in  the 
comparison  register  41  which  stores  the  lower  limit 

30  of  the  pulse  width  indicating  "1  "  for  the  data  code. 
If  the  comparison  result  shows  that  the  value  at  the 
latch  circuit  15  is  equal  to  or  larger  than  that  at  the 
comparison  register  41,  a  detection  signal  45  is 
output.  On  the  other  hand,  the  magnitude  compara- 

35  tor  44  compares  the  value  in  the  latch  circuit  15 
which  latches  the  time  width  of  one  pulse  cycle  of 
the  remote  control  signal  I  and  that  in  the  compari- 
son  register  42  which  stores  the  upper  limit  of  the 
pulse  width  indicating  "1  "  for  the  data  code.  If  the 

40  comparison  result  shows  that  the  value  at  the  latch 
circuit  15  is  equal  to  or  smaller  than  the  value  at 
the  comparison  register  42,  a  detection  signal  46  is 
output.  If  the  result  of  comparison  by  the  mag- 
nitude  comparators  43  and  44  shows  that  the  value 

45  at  the  latch  circuit  15  is  in  the  range  defined  by  the 
lower  and  upper  limits  set  at  the  comparison  regis- 
ters  41  and  42,  both  of  the  detection  signals  45 
and  46  are  at  high  level.  This  results  in  that  the 
AND  gate  47  outputs  a  "1  "  detection  signal  48  at 

50  high  level  notifying  the  CPU  13  that  the  data  code 
is  "1".  When  the  value  at  the  latch  circuit  15  is  not 
in  the  range  defined  by  the  lower  and  the  upper 
limits  set  at  the  comparison  registers  41  and  42, 
either  of  the  detections  signals  45  or  46  is  not 

55  output,  resulting  in  low  level.  This  does  not  causes 
the  AND  gate  47  to  output  the  "1  "  detection  signal 
48. 

Though  "0"  or  "1  "  judgment  for  data  code  has 
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been  described  above,  "0"  or  "1  "  judgment  for 
custom  code  can  be  similarly  performed  just  by 
changing  the  values  at  the  comparison  registers 
31,  32,  41,  and  42  using  the  CPU  13. 

As  described  above,  in  addition  to  the  leader 
code  detection  of  the  remote  control  signal  I  and 
the  pulse  width  checking  by  the  check  circuit  20, 
the  remote  control  signal  processing  circuit  60  ac- 
cording  to  the  second  embodiment  is  capable  of 
judging  whether  the  custom  code  or  data  code  is 
"0"  or  "1"  using  the  "0"  judging  unit  30  and  the 
"1  "  judging  unit  40.  This  is  performed  not  by 
software  processing  but  by  hardware  operation. 
Conventionally,  each  time  a  pulse  edge  of  the 
remote  control  signal  is  detected,  the  CPU  13  is 
interrupted  with  activating  the  software  upon  this 
interruption,  and  the  pulse  cycle  is  determined  by 
operation  by  the  CPU  13  and  "0"  or  "1"  is  judged 
from  that  operation  value.  Hardware  judgment  of 
"0"  or  "1  "  as  in  this  embodiment  can  reduce 
considerable  program  volume  and  software  pro- 
cessing  time. 

Obviously  many  modifications  and  variations  of 
the  present  invention  are  possible. 

Claims 

1.  A  remote  control  signal  processing  circuit  for  a 
microcomputer  comprising: 
a  noise  elimination  means  (10)  for  eliminating 
noises  of  the  remote  control  signal; 
an  edge  detection  means  (11)  for  detecting  the 
leading  and  trailing  edges  in  the  signal  upon 
receiving  the  signal  output  from  said  noise 
elimination  means  (10); 
a  timer  means  (12)  for  measuring  the  pulse 
width  of  said  remote  control  signal  according 
to  the  edge  detection  signals  from  said  edge 
detection  means  (11); 
a  latch  means  (14)  for  latching  the  pulse  width 
value  measured  by  said  timer  means  (12); 
a  setting  means  (22)  for  setting  in  advance  the 
criteria  to  judge  whether  the  pulse  width  of 
said  remote  control  signal  is  normal  or  ab- 
normal;  and 
a  check  means  (20)  for  comparing  the  mea- 
sured  value  of  pulse  width  in  said  latch  means 
(14)  and  the  criteria  in  said  setting  means  (22) 
and  output  a  pulse  error  signal  when  they  are 
not  identical. 

2.  A  remote  control  signal  processing  circuit  for  a 
microcomputer  of  Claim  1  wherein  said  check 
means  (20)  comprises  a  comparison  means 
(21)  to  compare  the  measured  value  of  pulse 
width  in  said  latch  means  (14)  and  the  criteria 
in  said  setting  means  (22),  an  inverter  (23)  to 
invert  the  output  signal  from  said  comparison 

means  (21)  and  an  AND  gate  (24)  which  ANDs 
the  output  from  said  inverter  (23)  and  that  from 
said  latch  means  (14)  and  outputs  high  output 
from  said  AND  gate  (24)  as  pulse  error  signal. 

5 
3.  A  remote  control  signal  processing  circuit  for  a 

microcomputer  of  Claim  1  wherein  said  timer 
means  (12)  measures  high  pulse  width  be- 
tween  the  leading  edge  and  the  trailing  edge 

io  indicated  by  detection  signals  from  the  edge 
detection  means  (11)  and  said  latch  means 
(14)  latches  the  measured  value  of  the  high 
pulse  width. 

is  4.  A  remote  control  signal  processing  circuit  for  a 
microcomputer  of  Claim  1  further  comprising  a 
second  latch  means  (15)  for  latching  the  mea- 
sured  value  for  one  pulse  cycle  measured  by 
said  timer  means  (12)  between  two  leading 

20  edge  detection  signals  given  by  said  edge 
detection  means  (11)  and  outputting  the  mea- 
surement  value  at  said  second  latch  means 
(15)  for  each  pulse  cycle. 

25  5.  A  remote  control  signal  processing  circuit  for  a 
microcomputer  comprising 
a  noise  elimination  means  (10)  for  eliminating 
noises  of  the  remote  control  signal; 
an  edge  detection  means  (11)  for  detecting  the 

30  leading  and  trailing  edges  in  the  signal  upon 
receiving  the  signal  output  from  said  noise 
elimination  means  (10); 
a  timer  means  (12)  for  measuring  the  pulse 
width  of  said  remote  control  signal  according 

35  to  the  edge  detection  signals  from  said  edge 
detection  means  (11); 
a  latch  means  (15)  for  latching  the  pulse  width 
value  measured  by  said  timer  means  (12); 
a  setting  means  (31,32,41,42)  for  setting  in 

40  advance  the  criteria  to  judge  whether  the  logi- 
cal  value  based  on  the  pulse  width  of  said 
remote  control  signal  is  "0"  or  "1  "; 
and 
a  judgment  means  (30,40)  for  comparing  the 

45  measurement  value  for  the  pulse  width  in  said 
latch  means  (15)  and  the  criteria  in  said  setting 
means  and  output  judgment  signal  indicating  a 
logical  value  "0"  or  "1  ". 

50  6.  A  remote  control  signal  processing  circuit  for  a 
microcomputer  of  Claim  5  wherein  said  judg- 
ment  means  comprises  a  "0"  judging  means 
(30)  for  logical  "0"  judgment  and  a  "1  "  judging 
means  (40)  for  logical  "1  "  judgment, 

55  said  "0"  judging  means  (30)  further  comprising 
a  setting  means  (31,32)  for  setting  the  upper 
and  lower  limits  to  judge  the  pulse  width  to  be 
logical  "0"  and  a  comparison  means  (33,34) 
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for  comparing  the  value  in  said  latch  means 
with  the  upper  and  lower  limits  in  said  setting 
means  (31,32)  and  output  "0"  detection  signal 
when  the  value  in  said  latch  means  (15)  is  in 
the  range  between  the  upper  and  the  lower  5 
limits,  and 
said  "1  "  judging  means  (40)  further  comprising 
a  setting  means  (41,42)  for  setting  the  upper 
and  lower  limits  to  judge  the  pulse  width  to  be 
logical  "1  "  and  a  comparison  means  (43,44)  10 
for  comparing  the  value  in  said  latch  means 
(15)  with  the  upper  and  lower  limits  in  said 
setting  means  (41,42)  and  output  "1"  detection 
signal  when  the  value  in  said  latch  means  (15) 
is  in  the  range  between  the  upper  and  the  is 
lower  limits. 

7.  A  remote  control  signal  processing  circuit  for  a 
microcomputer  comprising: 
a  noise  elimination  means  (10)  for  eliminating  20 
noises  of  the  remote  control  signal; 
an  edge  detection  means  (11)  for  detecting  the 
leading  and  trailing  edges  in  the  signal  upon 
receiving  the  signal  output  from  said  noise 
elimination  means  (10);  25 
a  timer  means  (12)  for  measuring  the  pulse 
width  of  said  remote  control  signal  according 
to  the  edge  detection  signals  from  said  edge 
detection  means  (11); 
a  latch  means  (14,15)  for  latching  the  pulse  30 
width  value  measured  by  said  timer  means 
(12); 
a  first  setting  means  (22)  for  setting  in  advance 
the  criteria  to  judge  whether  the  pulse  width  of 
said  remote  control  signal  is  normal  or  ab-  35 
normal; 
a  check  means  (20)  for  comparing  the  mea- 
sured  value  of  pulse  width  in  said  latch  means 
(14)  and  the  criteria  in  said  setting  means  (22) 
and  output  a  pulse  error  signal  when  they  are  40 
not  identical; 
a  second  setting  means  (31,32,41,42)  for  set- 
ting  in  advance  the  criteria  to  judge  whether 
the  logical  value  based  on  the  pulse  width  of 
said  remote  control  signal  is  "0"  or  "1  ";  and  45 
a  judgment  means  (30,40)  for  comparing  the 
measurement  value  for  the  pulse  width  in  said 
latch  means  and  the  criteria  in  said  setting 
means  and  output  judgment  signal  indicating  a 
logical  value  "0"  or  "1  ".  so 

8.  A  remote  control  signal  processing  circuit  for  a 
microcomputer  of  claim  7  wherein 
said  check  means  (20)  comprises  a  compari- 
son  means  (21)  for  comparing  the  measured  55 
value  of  pulse  width  in  said  latch  means  (14) 
and  the  criteria  in  said  setting  means  (22),  an 
inverter  (23)  for  inverting  the  output  signal  from 

said  comparison  means  (21)  and  an  AND  gate 
(24)  which  ANDs  the  output  from  said  inverter 
(23)  and  that  from  said  latch  means  (14)  and 
outputs  high  output  from  said  AND  gate  as 
pulse  error  signal. 

9.  A  remote  control  signal  processing  circuit  for  a 
microcomputer  of  claim  7  wherein  said  judg- 
ment  means  (30,40)  comprises  a  "0"  judging 
means  (30)  for  logical  "0"  judgment  and  a  "1  " 
judging  means  (40)  for  logical  "1  "  judgment, 

said  "0"  judging  means  (30)  further  com- 
prising  a  setting  means  (31,32)  to  set  the  up- 
per  and  lower  limits  to  judge  the  pulse  width  to 
be  logical  "0",  and  a  comparison  means 
(33,34)  for  comparing  the  value  in  said  latch 
means  with  the  upper  and  lower  limits  in  said 
setting  means  (31,32)  and  output  "0"  detection 
signal  when  the  value  in  said  latch  means  (15) 
is  in  the  range  between  the  upper  and  the 
lower  limits, 

and  said  "1  "  judging  means  (40)  further 
comprising  a  setting  means  (41,42)  for  setting 
the  upper  and  lower  limits  to  judge  the  pulse 
width  to  be  logical  "1  ",  and  a  comparison 
means  (43,44)  for  comparing  the  value  in  said 
latch  means  with  the  upper  and  lower  limits  in 
said  setting  means  (41,42)  and  output  "1"  de- 
tection  signal  when  the  value  in  said  latch 
means  (15)  is  in  the  range  between  the  upper 
and  the  lower  limits. 
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